et al., 2011), such as drying or ensilage. Drying potato products to feed animal is not economical (Okine et al., 2005) . Ensiling may be a better storage technique for potatoes, as it can also reduce the solanine toxin (Olsen et al., 2001 ). However, extremely wet silages (>70% moisture) usually result in fermentation dominated by butyric acid-producing bacteria, and the loss of large amounts of digestible nutrients via seepage (Mueller et al., 1991) . Thus, because of its great moisture content (80%), potatoes should be ensiled with dry feeds (Nkosi and Meeske, 2010) , such as wheat straw. Moreover, potatoes contain little water-soluble carbohydrates (WSc; 50 g/kg DM), which may lead to poor silage fermentation (McDonald et al., 2011) . Research shows that adding molasses and bacterial inoculants improved the ensiling fermentation of the silages prepared from potato pulp (Okine et al., 2005) or potato hash silages. However, there is limited information on the effects of molasses, Lactobacillus, or their combination on nutritive value of mixed potato-wheat straw silage (pWSS). So, the aim of this study was to determine the effects of sugar beet molasses and lactic acid bacteria (LAB) inoculants (Lalsil Fresh LB [LB; Lallemand, France] or Lalsil MS01 [Lp; Lallemand, France]) on the chemical composition, silage fermentation characteristics, and in vitro ruminal fermentation parameters of PWSS. Second, because whole-plant corn has been used extensively as a silage crop in many countries, the nutritive value of PWSS was compared with corn silage (cS).
mATeRiALS ANd meTHodS
The Guide for the Care and Use of Agricultural Animals in Research and Teaching (FASS, 2010 ) was followed for housing, feeding, transport, proper and humane care and use of animals, veterinary care, occupational health and safety, program management, and procedures. The Committee of Animal Science of Tarbiat Modares University approved the experimental protocols.
Silage Production
Corn was planted on June 20th in a field located at the Animal Science Research Institute (Karaj, Alborz, Iran). The field was fertilized with 150 kg of N (as urea) and 50 kg of phosphorous (as triple superphosphate) per ha. According to soil tests, potassium was not applied. Weeds were controlled through row cultivation during the first several weeks after planting. Whole-plant corn was harvested (to a 10-cm stubble height) at the midmilk stage of kernels by a corn harvester (Claas Jaguar Company, Harsewinkel, Germany) in early autumn. Before ensiling, whole corn plants were chopped into approximately 2 to 4 cm particle length without wilting.
One hundred kilograms of potatoes, variety Agria, was obtained randomly from a local food supplier in Karaj city (Alborz, Iran) . In Iran, mature potato tubers are harvested when the leaves turn yellowish. Potatoes were chopped into pieces of approximately 5 cm by knife. Wheat straw was harvested at full maturity and chopped into 3-to 5-cm-long pieces. The contents of DM, CP, ash free NDF (Ndfom), ash free ADF (Adfom), ADL, ash, ether extract (ee), non fiber carbohydrates (Nfc), and WSC for the wheat straw were 935 g/kg of fresh matter and 38.0, 815, 516, 142, 69.2, 9.11, 68.7, and 4 .41 g/kg of DM, respectively. These values for the potato tubers were 202 g/kg of fresh matter and 87. 6, 72.6, 43.7, 2.13, 49.5, 5.00, 785, and 4 .98 g/kg of DM, respectively. Chopped potatoes were mixed with wheat straw at a ratio of 86:14 on a fresh basis (a ratio of 57:43 on a DM basis) to give a mixture containing 300 g DM/kg of fresh weight. Twenty-four separate mixtures of chopped potato and wheat straw were produced and allocated randomly to the 6 mixed potato-wheat straw treatments (in 4 replicates). The mixtures were treated with molasses, LAB, or a combination. Treatments were 1) mixed PWSS (at a ratio of 86:14) without additive (as control for the treated PWSS), 2) PWSS inoculated with Lalsil Fresh LB (Lal LB), 3) PWSS inoculated with Lalsil MS01 (Lal m), 4) PWSS + 5% molasses on a fresh basis (mol), 5) PWSS inoculated with Lalsil Fresh LB + 5% molasses (Lal LB mol), 6) PWSS inoculated with Lalsil MS01 + 5% molasses (Lal m mol), and 7) CS. The sugar beet molasses contained 870 g DM/kg of fresh weight, 99.5 g of CP, 105 g of ash, 2.12 g of EE, and 695 g of WSC/ kg DM. The inoculants were Lalsil Fresh LB (containing a heterofermentative LAB, Lactobacillus buchneri NCIMB 40788) or Lalsil MS01 (containing L. plantarum MA18/5U and Propionibacterium acidipropionici MA126/4U). Lalsil Fresh LB was applied at a rate of 240 mL per 100 kg of fresh material (0.25 g of inoculant was dissolved in 240 mL of water) to obtain at least 3 × 10 5 cfu LAB/g of fresh material. To inoculate material in LP treatments, 0.2 g of Lalsil MS01 was diluted in 240 mL of water and applied for 100 kg of fresh material (3 × 10 5 cfu from all strains/g of fresh material). Each inoculant was mixed with distilled water 4 h before application and then sprayed on the pre-ensiled material. To maintain the integrity of experimental units, the additives were applied separately and individually to the sample of herbage assigned to each individual silo. To achieve the same content of moisture in all potato-containing silages, the PWSS was sprayed with 240 mL of distilled water per 100 kg of fresh material.
All ensiling materials were packed into 10-L laboratory silos (4 silos per treatment) with airtight lids. The compaction densities of CS and PWSS, with or without additives, were approximately 980 and 850 kg wet matter/m3, respectively. The silages were stored at room temperature (27 to 30°C) for 90 d.
Sampling Method
At each silo (i.e., each replicate) opening time, the contents were mixed thoroughly by hand, and then 3 samples of approximately 2,000 g each were taken for chemical analyses, determination of silage fermentation characteristics, and in vitro ruminal studies. Each sample was enough to provide sufficient subsamples necessary for later experiments.
Chemical Analyses and Fermentation Characteristics of Silage
Representative samples of the pre-ensiled and ensiled materials were oven-dried at 60°C until a constant weight to determine DM concentration, then ground to pass through a 1-mm sieve (Wiley mill, Swedesboro, NJ), and stored at room temperature until later analyses. The samples were analyzed for ash (Method 924.05), EE (Method 920.39), and CP (Method 988.05) according to AOAC (1998) procedures. The NDFom was determined according to Van Soest et al. (1991) . The determination of ADF was performed (Method 973.18; AOAC, 1998) , and expressed exclusive of residual ash. Acid detergent lignin was determined by solubilization of cellulose with 72% sulfuric acid (Method 973.18; AOAC, 1998) . The WSC was measured using the anthrone method (MAFF, 1982) , and nitrate was measured by colorimetric method (Singh, 1988) .
To measure pH, 50 g of the fresh silage was mixed thoroughly with 125 mL of distilled water in a screwcapped bottle. This was left for 1 h at 25°C with occasional stirring. After decanting the silage extract into a beaker, the pH value was recorded (Faithfull, 2002) using a portable digital pH meter (Sartorius PT-10; Sartorius AG, Göttingen, Germany).
The silage was squeezed to obtain silage juice. Two milliliters of the juice was pipetted into a microcentrifuge tube with 0.5 mL of an acid solution (containing 20% orthophosphoric acid and 20 mM 2-ethyl butyric acid, as the internal standard), and centrifuged at 15,000 × g for 15 min at a temperature of 4°C (Rezaei et al., 2014) . The supernatant was used to quantify the lactic acid and VFA by gas chromatograph (UNICAM 4600; SB Analytical, Cambridge, UK) equipped with a flame ionization detector (fid; 250°C), split-injection port (1.0 μL injection), and a capillary column (Agilent J&W HP-FFAP, 10 m by 0.535 mm by 1.00 µm, 19095F-121; Agilent, Santa Clara, CA). The carrier gas was helium (column head pressure of 10 psi), and the working temperature of the injector and detector were 250 and 300°C, respectively. The initial column temperature was set at 80°C for 1 min, then increased with 20°C per min to 120°C, followed by 6.2°C per min to 140°C, and thereafter with 20°C per min to 205°C.
To determine ammonia-N, the extract, which was obtained by squeezing the silage material, was filtered using Whatman 54 filter paper; a 9 mL of aliquot was taken, mixed with 1 mL of a 7.2 N H 2 SO 4 , and stored at −20°C. After thawing, the silage extracts were analyzed for ammonia-N using a phenol-hypochlorite assay (Broderick and Kang, 1980) .
In Vitro Ruminal Gas Production and Fermentation Parameters
To assess the effect of the treatments on 24-h net gas production (Gp 24 ), in vitro OM disappearance (omd), and truly degraded substrate (TdS), an in vitro GP experiment was conducted for 24 h as explained by Menke and Steingass (1988) . Rumen fluid was collected via rumen fistula from 3 adult sheep of the Shall breed just before the morning feeding. The experimental animals were fed alfalfa hay, PWSS, barley grain, soybean meal, and mineral-vitamin premix (at a ratio of 36:24:30:9:1 on a DM basis) twice daily at 0800 and 1700 h and had free access to water. The ingredients of the diet were mixed thoroughly by hand and offered as total mixed ration. Two hundred milligrams of the samples were incubated with 30 mL of buffered rumen fluid (mixed strained rumen fluid and anaerobic mineral buffer at a ratio of 1:2 [vol/vol]; Menke et al., 1979) in 100-mL glass syringes at 39°C. A total of 168 syringes (7 treatments × 4 replicates × 3 individual samples × 2 runs in different wk), with 3 syringes as blanks (rumen fluid + buffer) at each run, were incubated for 24 h. At the end of incubation, the vol of GP 24 was recorded.
A 96-h in vitro ruminal GP experiment was conducted as described above to evaluate the effect of treatments on GP kinetic. Gas vol were recorded at 2, 4, 6, 8, 10, 12, 16, 24, 48, 72 , and 96 h of incubation. Kinetic parameters were estimated using the exponential model (Eq. [1]) of Blümmel et al. (2003) .
where y is the gas vol at time t, B is the asymptotic value of GP (mL/200 mg of DM), and c is the first order fractional rate constant of gas production (per hour). The model parameters (i.e., B and c) were estimated by nonlinear regression (Proc NLIN) in SAS (Version 9.1; SAS Inst. Inc., Cary, NC). The OMD and ME were estimated using Eq.
[2] and [3], respectively (Menke et al., 1979 
where GP 24 is 24-h net gas production (mL/200 mg of DM), CP is measured in grams per kilogram of DM, and XA is ash in grams per kilogram of DM. After 24 h of incubation, the entire contents of the syringes were mixed with neutral detergent solution. The contents were heated to boiling in 5 to 10 min. Then heat was reduced as boiling began to avoid foaming, and the contents were refluxed for 60 min from onset of boiling. Residues (undissolved matter) were then recovered on filter crucibles, washed, and dried at 60°C to constant weight. The TDS (mg/g of DM) in 24 h was calculated by subtracting this value from the DM incubated in the syringe (Blümmel et al., 1997) . Microbial CP (mcp) production was estimated using Eq. [4].
MCP mg/g of DM mg TDS mL GP 2.2 mg/mL
where the 2.2 mg per mL is a stoichiometric factor that expresses milligrams of carbon, hydrogen, and oxygen required for the production of short chain fatty acids-gas complex associated with production of 1 mL of gas (Blümmel et al., 1997) .
The effect of the treatments on VFA, ammonia-N, and cellulolytic bacteria was assessed using a 24-h in vitro ruminal GP experiment, as described earlier. After 24 h of incubation, a strained (through 3 layers of cheesecloth) sample of 5 mL was preserved immediately with 1 mL of 0.2 N HCl and stored at −20°C until analysis of ammonia-N, which was determined using the procedure described above. To determine VFA, 2 mL of the strained sample was mixed with 0.5 mL of an acid solution (containing 20% orthophosphoric acid and 20 mM 2-ethyl butyric acid, as the internal standard), and the mixtures were centrifuged at 15,000 × g at 4°C for 15 min. The supernatants were used for VFA measurement by gas chromatography as described above. Five milliliter of syringe contents, which was strained through 3 layers of cheesecloth into a CO 2 -filled sterilized bottle (39°C), was used to enumerate the cellulolytic bacteria population. The anaerobic techniques of Hungate (1966) as modified by Bryant (1972) were used to prepare anaerobic culture media. Hungate tubes containing media and Whatman number 1 filter paper, as the sole source of carbohydrate for growing cellulolytic bacteria, were prepared. Then, strained contents of the syringes were diluted and inoculated into the tubes. Cultures were grown at 39°C for 14 d. Cellulolytic bacteria were enumerated in broth medium using the most probable number procedure described by Dehority (2003) .
Statistical Analyses
All data were subjected to ANOVA using the GLM procedure of SAS (Version 9.1; SAS Inst. Inc.). Data on chemical composition and silage fermentation characteristics were analyzed in a completely randomized design (7 treatments × 4 replicates × 3 individual samples) based on the statistical model Y ijk = μ + T i + e ij + e ijk , where Y ijk is the general observation, μ the overall mean, T i the effect of treatment, and e ij and e ijk are the experimental and sampling errors, respectively. This model (i = 1, 2, 3, 4, 5, 6, 7; j = 1, 2, 3, 4; k = 1, 2, 3) is a nested model in which the experimental units are nested within the treatments, and the sampling units are nested within the experimental units. Thus, the experimental error (e ij ) is the interaction treatment (T i ) × replication (R j ), and the sampling error is the interaction treatment (T i ) × replication (R j ) × sample (S k ). The appropriate error term for treatment F-test was treatment (T i ) × replication (R j ). Data on in vitro ruminal GP and estimated parameters, ammonia-N, VFA production, and cellulolytic bacteria enumeration were analyzed as split-plot in a completely randomized design (7 treatments × 4 replicates × 3 individual samples × 2 runs in different weeks). The run and treatment were considered as main and subplots, respectively. The statistical model was Y ijkl = μ + B i + e ik + T j + (BT) ij + e ijk + e ijkl , where Y ijkl is the general observation, μ the overall mean, B i the effect of run, e ik (main error) the interaction between the treatment and replication, T j the effect of treatment, (BT) ij the interaction between the run and treatment, and e ijk and e ijkl are the split-plot error and sampling error, respectively. In this model (i = 1, 2; k = 1, 2, 3, 4; j = 1, 2, 3, 4, 5, 6, 7; l = 1, 2, 3), the main plot error (e ik ) is the mean square for the run (B i ) × replication (R k ) interaction. The split-plot error (e ijk ) is the interaction run (B i ) × treatment (T j ) × replication (R k ). The main plot error (e ik ) plus the split-plot error (e ijk ) are the experimental errors, and the sampling error (e ijkl ) is the interaction run (B i ) × treatment (T j ) × replication (R k ) × sample (S l ). The appropriate error term for treatment F-test was run (B i ) × treatment (T j ) × replication (R k ). Duncan's multiple range test at the 0.05 level of probability were used to examine differences among treatments.
ReSuLTS

Chemical Composition and Fermentation Characteristics of Silages
Compared to CS (Table 1) , PWSS contained greater values of DM, ADL, and WSC (P < 0.001),
and lower values of CP, NDFom, ADFom, ash (P < 0.001), and nitrate (P = 0.01). Inoculation of PWSS with LAB increased the concentration of CP, while it decreased NDFom and ADFom (P < 0.001). The addition of molasses, alone or in combination with LAB inoculants, to PWSS resulted in increases of DM, CP, NFC, and ash contents but decreases of NDFom, ADFom, and ADL compared with PWSS (P < 0.001). Compared to the other PWSS treatments, the PWSS inoculated with LAB (Lal LB and Lal M) had a lower (P < 0.001) WSC content.
As shown in Table 2 , PWSS contained greater (P < 0.001) values for pH and ammonia-N but lower (P < 0.001) concentrations of total fermentative fatty acids, lactic, acetic, propionic, and butyric acids comparing to CS. Compared with PWSS, the addition of molasses or molasses + LAB to PWSS increased total fermentative fatty acids production in the silages (P < 0.001). Adding LAB to PWSS increased lactic and acetic acids concentrations and decreased ammonia-N and butyric acid concentrations compared with PWSS (P < 0.001). Addition of molasses, alone or in combination with LAB, to PWSS resulted in increases of lactic and acetic acid contents but decreases of pH, ammonia-N, and butyric acid compared with PWSS (P < 0.001). Compared with Lal LB, the Lal M had lower concentrations of ammonia-N and butyric acid.
In Vitro Ruminal GP Characteristics, Ammonia-N, VFA, and Cellulolytic Bacteria
According to the data of in vitro GP experiments (Table 3) , PWSS had less GP 24 but greater B compared with CS (P < 0.001). The GP 24 vol and coefficients B and c were not affected by adding LAB, alone, to PWSS. However, adding LAB + molasses to the silage increased GP 24 vol, B, and c (P < 0.001).
The PWSS had a greater amount of MCP but less OMD and ME than CS (P < 0.001). Inoculating PWSS with LAB alone had no effect on OMD, ME, or TDS. However, adding a combination of molasses and LAB resulted in increases of OMD, ME, and TDS (P < 0.001). Compared with PWSS, Mol had greater MCP content (P < 0.001). Table 4 shows that there were lower concentrations of total VFA and acetic acid in the incubation liquid of PWSS compared with that of CS (P < 0.05). Adding molasses in combination with LAB inoculants to PWSS increased total VFA and propionic acid but decreased the acetic acid to propionic acid ratio (P < 0.05). Compared with PWSS, in vitro ruminal incubation of Mol led to greater propionic acid production but a lower acetic acid to propionic acid ratio (P < 0.05). The contents of ammonia-N and acetic, butyric, isovaleric, and valeric acids were similar among PWSS treatments.
The cellulolytic bacteria enumerations in incubation liquids of CS and PWSS were not different. There was no effect of adding LAB inoculants, alone, on the in Table 1 . Chemical composition (g/kg of DM) of pre-ensiled and ensiled corn and potato-wheat straw mixture without, or with molasses, Lactobacillus, 1 or their combination (n = 12) 2 PC = pre-ensiled corn; PPWS = pre-ensiled potato-wheat straw mixture; PMol = PPWS + 5% molasses.
3 CS = corn silage; PWSS = mixed potato-wheat straw silage without additive; Mol = PWSS + 5% molasses; Lal LB = PWSS inoculated with Lalsil Fresh LB; Lal M = PWSS inoculated with Lalsil MS01; Lal LB Mol = PWSS inoculated with Lalsil Fresh LB + 5% molasses; Lal M Mol = PWSS inoculated with Lalsil MS01 + 5% molasses.
4 DM as grams per kilogram of wet weight; NDFom = ash-free NDF; ADFom = ash-free ADF; EE = ether extract; NFC = non fiber carbohydrates; WSC = water-soluble carbohydrates. 5 The chemical composition of pre-ensiled mixed potato-wheat straw treated with LAB were similar to PPWS, and the chemical composition of the preensiled mixed potato-wheat straw treated with LAB + molasses were similar to PMol, thus these were not presented in the Table. vitro ruminal count of cellulolytic bacteria. The cellulolytic bacteria population was greater for PWSS treated with molasses, alone or in combination with LAB inoculants, than the other PWSS treatments (P < 0.05).
diScuSSioN
Chemical Composition and Fermentation Characteristics of Silage
The DM content of CS was lower because, in Iran, forage corn is sowed as a second crop in summer after wheat and barley and is generally harvested in the autumn, at which time adequate heat and sunshine may not be available for the best maturity. Thus, corn is ensiled with DM less than 250 g/kg of fresh weight (Nikkhah et al., 2011) . The DM contents (322 to 360 g/kg of fresh weight) of PWSS, with or without additives, were at suitable levels for the ensiling process (Kaiser et al., 2004) . The reason for the increased DM content with the addition of molasses to PWSS was the higher DM concentration (i.e., 870 g/kg of fresh weight) of molasses (Baytok et al., 2005) compared to mixed potato-wheat straw. No influence of adding LAB inoculants, alone, on the DM content of the silage (Lal LB and Lal M) was comparable to the result by Baah et al. (2011) but Table 3 . In vitro ruminal gas production and estimated parameters, truly degraded substrate, and microbial protein of corn silage and mixed potato-wheat straw silage without, or with molasses, Lactobacillus, 1 or their combination (n = 24) Table 2 . The values of pH, total and individual fermentative fatty acids (g/kg of DM), and ammonia-N (g/kg of total N) of corn silage and mixed potato-wheat straw silage without, or with molasses, Lactobacillus, 1 or their combination (n = 12) a-e Means with different letters in a same row differ (P < 0.05).
was in contrast to those reported by Nkosi and Meeske (2010) and Nkosi et al. (2011a,b) for different silages.
The greater CP content of PWSS treated with molasses, with or without LAB inoculants, was due to the greater CP concentration of molasses (99.5 g/kg of DM) than the mixed potato-wheat straw (66.0 g/kg of DM) and to lower ammonia production, which is lost from the ensiled materials, in the treated silages (Kaiser et al., 2004; McDonald et al., 2011) . In addition, the reduction of NDFom as a result of fermentation in the silo may be caused by a proportional increase in CP. The positive effect of LAB on increasing the CP content of the silage was in agreement with the reports of Nkosi and Meeske (2010) and Nkosi et al. (2011a,b) for ensiled potato hash and corn. Conflicting results have been obtained on the effect of molasses on the CP content of silages. Baytok et al. (2005) reported increased silage CP with added molasses, while Bureenok et al. (2011) indicated that silage CP decreased or was not affected due to incorporation of molasses. Decreasing NDFom and ADFom contents of PWSS with the addition of molasses was associated with, in part, very little NDF and ADF contents in molasses. In addition, this could be owed to the enhancement of cell wall degradation and hydrolysis of NDF-bound N due to the increasing silage fermentation caused by sugars in molasses (Baytok et al., 2005) . The lower ADL content of the silages containing molasses, with or without LAB, compared with PWSS was due to the small lignin concentration of molasses (Rezaei et al., 2009) . The reductions of NDFom and ADFom with the addition of LAB inoculants to PWSS could have been caused by the greater degradation of plant cell walls as a result of greater silage fermentation (Nikkhah et al., 2011) . These results were comparable to those reported by Nkosi et al. (2011a) on potato hash silage. The greatest reduction of fiber content was observed when bacterial inoculants and molasses were applied together. Compared with PWSS, the lower concentration of residual WSC in Lal M indicated that more WSC was utilized by LP resulting in more lactic acid production . However, this increase in lactic acid had a negligible effect on the pH of Lal M. The increasing ash content of PWSS by adding molasses to the silage was related to the greater ash content of molasses (i.e., 105 g/kg of DM). Nitrate content of our PWSS was not more than the toxic level for animals (i.e., <10 g/kg of DM) reported by Aiello (1998) . The different chemical composition between our PWSS and other ensiled potato by-products (i.e., potato hash, potato pulp, and cull potato) was probably due to maturity stage, silage conditions, spp., and habitat (Kaiser et al., 2004; McDonald et al., 2011) .
The lower pH of CS than PWSS was a result of the greater WSC content of pre-ensiled corn, which led to more lactic acid production in the resulting silage (Kaiser et al., 2004) . The pH of PWSS (4.6) was close to that needed for suitable preservation in wilted silage, containing about 320 g of DM/kg of wet matter (McDonald et al., 2011) . The reduction of the silage pH with the addition of molasses, alone or in combination with LAB, could be associated with the increase in lactic acid production, possibly caused by an initial increase in the number of LAB from the supply of more available sugars (Kaiser et al., 2004) . Rezaei et al. (2009) indicated that silage pH Table 4 . In vitro ruminal ammonia-N (mg/dL), total and individual VFA concentrations (mmol/L), and cellulolytic bacteria numeration (log 10 /g digesta) of corn silage and mixed potato-wheat straw silage, without or with molasses, Lactobacillus, 1 or their combination, incubated for 24 h (n = 24) 2 CS = corn silage; PWSS = mixed potato-wheat straw silage without additive; Mol = PWSS + 5% molasses; Lal LB = PWSS inoculated with Lalsil Fresh LB; Lal M = PWSS inoculated with Lalsil MS01; Lal LB Mol = PWSS inoculated with Lalsil Fresh LB + 5% molasses; Lal M Mol = PWSS inoculated with Lalsil MS01 + 5% molasses decreased with the addition of molasses, but Dönmez et al. (2003) reported that pH was not affected or increased in the silage treated with molasses. Nkosi et al. (2011a) reported no effect of LAB inoculants on the pH of silages, which was similar to our results. The concentration of lactic acid in all the silages was within the optimal range outlined by Kaiser et al. (2004) . The lower lactic acid concentration of PWSS than CS was related to the lower WSC content in the pre-ensiled potato-wheat straw mixture compared with pre-ensiled corn. The increased lactic acid concentrations in molasses-mixed PWSS were expected because molasses provided more fermentable substrates for LAB (Rezaei et al., 2009; Baah et al., 2011) . On the other hand, only lower concentrations of acetic, propionic, and butyric acids were found in the silages, indicating good quality fermentation (Kaiser et al., 2004) . The ammonia-N concentrations of the silages were lesser than 100 g/kg of total N, which according to McDonald et al. (2011) is an indication of well-preserved silage. The lower ammonia-N concentration in CS than PWSS was probably related to the lower proteolysis and degradation of AA in the CS caused by the lower pH (Kaiser et al., 2004) . The reduced production of ammonia-N in PWSS treated with LAB, molasses, or their combination was probably due to a decreased proteolysis by raised WSC supply and an accelerated LAB settlement (Adesogan, 2006; Hashemzadeh-Cigari et al., 2011) .
In Vitro Ruminal GP Characteristics, Ammonia-N, VFA, and Cellulolytic Bacteria
The lower GP 24 vol and OMD of PWSS than CS were in line with the observed greater ADL and lower CP contents in PWSS (McDonald et al., 2011) . The greater values of GP 24 , B, c, OMD, and TDS in the PWSS treatments containing molasses, alone or in combination with LAB inoculants, compared with PWSS were possibly associated with a lower cell wall content (Rezaei et al., 2009 ) and more NFC and CP available to microbes (Makkar, 2010; McDonald et al., 2011) . No effect of inoculation with LAB (Lal LB and Lal M) on GP 24 vol was in agreement with the results of Contreras-Govea et al. (2011) but was in contrast to Muck et al. (2007) . The increase of MCP with the addition of molasses, alone or in combination with LAB, to the silages could be due to the increasing degraded substrate, which was used for microbial growth (Makkar, 2010) . Furthermore, these treatments had greater CP and ME than PWSS. Thus, the increased MCP may also be a result of improved protein preservation during the ensiling period (Contreras-Govea et al., 2011 ) and a better synchronization of ME and CP during in vitro ruminal fermentation (Kaur et al., 2010) .
The greater OMD of CS than PWSS could be responsible for the greater VFA concentration in the fermentation liquid of CS (McDonald et al., 2011) . The increase of the in vitro ruminal propionic acid concentration with added molasses to PWSS might be explained by the greater amount of lactic acid in the molasses-mixed silages compared with the others (Lima et al., 2010) . As reported by McDonald et al. (2011) , a greater content of lactate in silages results in a greater molar proportion of ruminal propionate. The increasing in vitro ruminal VFA when adding molasses to PWSS was owed to an increase in the intensity of fermentation due to more sugars applied by molasses and greater OMD (McDonald et al., 2011) . In the present study, inoculating PWSS with LAB had no influence on the VFA that was consistent with the in vitro ruminal work reported by Contreras-Govea et al. (2011) who used CS inoculated with LP. Conversely, it was demonstrated that the application of microbial silage inoculants increased VFA production (Muck et al., 2007) .
The concentration of ammonia-N in the fermentation liquid of all treatments was above the minimum level (5 mg/dL) required by microbes to support optimum growth (Satter and Slyter, 1974) . The similar ammonia-N concentration observed between PWSS and PWSS + molasses or PWSS + LAB inoculants treatments indicated that ensiling PWSS with molasses and LAB inoculants had no effect on ammonia-N concentration in in vitro ruminal fermentation. Unlike the present results, in the work of Cao et al. (2013) , in vitro ruminal ammonia concentration was increased in the silages inoculated with LAB inoculant.
It is important to note that the different effects of LAB inoculants on the silage fermentation characteristics and in vitro ruminal fermentation parameters in different studies may be due to factors such as inoculant strain, inoculant application rate, crop specificity and composition, climatic conditions, and ensiling technology (Filya et al., 2000; Contreras-Govea et al., 2009; Contreras-Govea et al., 2011) . Moreover, molasses level, properties of the ensiled crop, climate, and ensiling conditions contribute to variations in the results of different studies by adding molasses to silage (Mühlbach, 2000; McDonald et al., 2011; Yitbarek and Tamir, 2014) .
The greater cellulolytic bacteria population in the silages containing molasses, with or without LAB, compared with the other PWSS treatments was probably due to the greater content of NFC (a fermentable carbohydrate source), which can provide more available energy to support better growth of ruminal microbes involving cellulolytic bacteria (Ma et al., 2014) .
Conclusions
Based on the obtained data, ensiling potato tubers with wheat straw at a ratio of 57:43 on a DM basis
